BACKGROUND: Transient elastography (TE) is a safe and effective technology to noninvasively assess hepatic fibrosis in patients with numerous liver conditions. TE is not readily available to all Canadians, and data regarding how this technology is incorporated into clinical practice are lacking. OBJECTIVE: To describe TE practices in Canada, and to identify strategies to optimize access and usage. METHODS: All Canadian centres with TE devices were invited to complete a survey after obtaining purchasing data from the national distributor of the device. Descriptive statistics were generated. RESULTS: Forty-two devices were available in Canada as of January 2015. Seventy-one percent are used in academic settings, 74% are hospital based and 26% are in private clinics. The test is performed by trained nurses in 48% of centres, physicians in 19%, technicians in 9.5% and by any member of the health care team in 19%. Nineteen percent of centres provide satellite clinics to perform the test. While the majority of the centres perform the test at no additional cost to patients, 29% charge a variable fee. CONCLUSION: In Canada, most TE devices are used in academic and/or hospital-based settings, thus limiting access to this technology to many patients. A sizeable minority of centres mandate patients pay variable out-of-pocket fees. Satellite clinics offered by some centres could increase access, but are not widespread. The lack of uniformity with TE practices in Canada suggests that a national policy is needed. management of viral hepatitis and other chronic liver diseases, the test remains underutilized nationally due to lack of availability and access (7, 8) . The goal of the present study was to describe current TE practices in Canada, and to identify strategies to optimize access and use of this technology.
METHODS
TE device locations and clinic contact details were obtained from the national distributor of FibroScan (Echosens, France) in Canada (KNS Canada Inc) as well as publically available medical directories. All centres were contacted by telephone or fax to acquire information pertinent to TE practice, presence and number of satellite clinics covered by the same device and patient fees (if any). Descriptive statistics were generated.
RESULTS
All 42 TE clinics were contacted between September 2014 and January 2015; of these, a response was obtained from 29 (69%) centres (Table 2) . Wait times for TE only ranged from one to 52 weeks, although eight centres reported internally variable wait periods corresponding to standard duration to see the hepatologist or gastroenterologist. Provincial distribution of the devices is shown in 14%] ). Seventy-four percent (n=31) of devices are in hospital settings, including 71% (n=30) in University centres and the remaining 26% (n=11) in privatized clinics. Six centres (21% of respondent clinics) charged patients a fee for the test, ranging from $80 to $125, whereas 79% performed the test at no additional cost to patients. Sixty percent of centres reported results immediately to patients after completion of TE and 40% of surveyed centres provide results to referring physicians only. Of respondent centres, TE was in use for a mean of 3.5 days per week (range one to five days (Table 2) .
DISCUSSION
TE is a novel technology that can play an important role in the noninvasive assessment of liver fibrosis, which is essential to the management of patients with chronic liver diseases. The present study revealed that there are only 42 devices confined to Canada's largest cities -a miniscule number considering the national burden of liver disease and generally lengthy wait times reported as the standard waitlist period with the hepatologist/gastroenterologist who would conduct the test as part of a routine consultation, to approximately one year for TE test alone in Nova Scotia. These data, in conjunction with previous published studies, demonstrates abysmal access to TE and the resultant previously reported underutilization of the test is, thus, not surprising.
Barriers, in fact, exist at multiple levels that impact the use of TE in Canada. It is possible to categorize these barriers at the system, practitioner and patient level to facilitate further analysis. At the system level, the limited availability of the technology requires improved integration among external community-based treatment settings. . The implications of no physician reimbursement for TE across Canada's remaining nine provinces renders acquisition and maintenance of a TE device financially unfeasible for many practitioners, especially considering that initial costs of current models are approximately $100,000. At the practitioner level, there are significant hindrances to the use of this technology. First, wait times and the lack of local devices render widespread, routine use problematic. Furthermore, a nationwide Canadian survey revealed that individual physician characteristics impact their willingness to use TE (7). For instance, Sebastiani et al (7) showed that older physicians used more noninvasive methods for liver fibrosis than younger respondents (P=0.02). Interestingly, hepatologists and infectious diseases specialists used more noninvasive methods for liver fibrosis (particularly TE) than gastroenterologists, although this difference was not statistically significant. The results of the current study showed remarkable variability in practice patterns and access to TE among the various provinces and in urban versus rural settings. In addition to the limited number of devices available in Canada, the devices are mainly located in tertiary liver centres and selected private clinics in densely populated urban areas. While satellite clinics may help to address the lack of availability of TE in lowerdensity populations and reduced wait times for patients within and outside of urban areas, only six centres (14% of respondent centres) in Canada are performing TE in secondary locations. Clearly, there may be logistic barriers to operating satellite clinics not addressed in the present study, including the fear of damage to the equipment in transport, lack of available trained personnel and lack of external resources to support such endeavours.
At the patient level, the primary barriers to the routine use of TE in Canada are limited access and variable costs associated with access. Inasmuch as all these factors play significant roles in serving as barriers to TE use, the limited availability of the technology is perhaps the most significant. As of January 2015, approximately 70% Canada's 42 devices are located in three provinces, while more than one-half are in the five largest cities. Although a population-based argument can be made for even more TE devices in these cities, the current distribution leaves a considerable geographical area with no access to TE. A comparison of the per capita availability of FibroScan according to province is presented in Table 4 .
Few (11 of 42 [26%] ) of the devices are located in private clinics while the majority are situated within hospitals. To improve access to TE, 21% (six of 29) the respondent centres offer satellite clinics for the test where one machine is transported to offsite locations. Of the respondent centres, 7% (two of 29) are private clinics dedicated solely to perform TE for referring physicians while 55% (16 of 29) perform TE as part of a standard patient assessment. Dedicated TE clinics may conceivably help minimize wait times and improve test access, although this Results given to: %
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Referring physician only 40
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remains to be proven at the patient level because patients will presumably wait additional time to obtain follow-up with their referring physicians. Direct and indirect costs to patients for TE is another likely impediment. Our results indicate that nearly 21% of centres charge patients an out-of-pocket fee for test completion (range $80 to $125). While approximately 75% of patient respondents in a survey published by Kan et al (9) expressed a willingness to pay for TE, indirect costs, such as transportation, parking, time away from work, etc, likely contribute significantly to overall patient-associated costs. Given Canada's single-tier heath care system with central principles of equity and accessibility, a broader question regarding lack of universal coverage for a medically necessary test and fairness in variability of direct costs requires further consideration, especially given that many patients with chronic liver diseases have low socioeconomic backgrounds. From a financial prospective, a cost analysis study from the United States published in 2000 (10) showed that performing percutaneous liver biopsy with no complication costs US$1,033 per patient, which is highly comparable with the cost in Canada. In the case of a complication of liver biopsy requiring hospitalization, the median direct cost can reach $4,579 according to a 2008 Canadian population-based study (11) . Because liver fibrosis is a dynamic process, significant proportions of patients require surveillance assessment of fibrosis stage in periodic intervals, which adds to total cost, and renders liver biopsy a poor diagnostic option from the patient and provider perspective. On the other hand, the cost of purchasing a current model of the TE device with a variable yearly maintenance fee is approximately $100,000. This amount would suggest TE would be revenue neutral once it is used appropriately in lieu of percutaneous liver biopsy in just 100 patients. It follows that in a British costeffectiveness analysis, TE was more cost effective than percutaneous liver biopsy in an economic model involving 1000 patients (12) .
Aside from the cost benefits and clear clinical utility of TE, Kan et al (9) demonstrated that patients strongly favour TE for the assessment of liver fibrosis. In that study, questionnaires were distributed to patients who had and had not previously undergone percutaneous liver biopsies to evaluate patient preference for TE versus liver biopsy, and to assess the willingness to self-pay for TE. Overall, an astounding 95.4% of patients preferred TE to percutaneous liver biopsy, citing benefits of improved comfort and short duration to receive results. These results, coupled with our findings, further support the need for systemic policy change at the provincial level to facilitate patient access to TE.
In Canada, liver disease is associated with significant personal and health care costs, and current mortality rates are largely underestimated, in part due to variance in reporting and inaccurate International Classification of Diseases coding (13) . The staging of liver fibrosis is the single most important factor impacting the prognosis of patients with chronic liver diseases and it has a major role in management decisions. Inasmuch as there is a clear need for early diagnosis and staging of liver fibrosis, in 20% of patients with chronic liver diseases, the diagnosis of cirrhosis is made on presentation of the first episode of hepatic decompensation (14) . Hence, the effective implementation of noninvasive liver fibrosis staging, such as via TE technology, will enable preclinical management and will facilitate effective long-term planning for these patients.
Another issue that will impact the widespread availability of TE in Canada may be competition with radiologists for newer technologies that will assess elastography using currently available magnetic resonce imaging or ultrasound systems. However, the advent of new radiological technologies, such as acoustic radiation force impulse imaging, creates an opportunity for interdisciplinary collaboration in the noninvasive assessment of liver disease. Our study highlights that there are significant barriers to widespread use of this technology within Canada, and hopefully serves as the nidus for spearheading effective policy changes at the provincial levels to render it more accessible.
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